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A cathode rtructure for alkaline manganese dioxide-zinc primary or re* 
chargeable cells with improved capacity that comprise manganese dioxide ac- 
tive material, a conductive powder and an additive material uniformly mixed 
and pressed to form a porous body, wherein the additive is a barium com- 
pound which Is at least 3 K mass of the solid components. The preferred addi- 
tive is barium oxide, barium hydroxide or barium sulphate. The invention re- 
lates also to alkaline manganese dioxide-zinc primary or rechargeable cells, 
wherein the cathode structure is employed. 
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CATHODES SOR t gTNg A MA^ANgg ?T nTOXTDK CEM,S 

r y y.T.n off rf g twvewtioN! 

The Invention relates to improvements relating to alkaline 
manganese diexide-sinc cells and more particularly to a cathode 
structure for alkaline manganese dioxide-zinc cells with improved 
capacity, which comprises as solid components manganese dioxide 
active material, a conductive powder and an additive material. The 
solid components are uniformly mixed and pressed to 'form a porous 
body and the pores thereof are filled with electrolyte when the 
cathode structure is used in a cell- 

T^nrranmro o* THE IWVCTTIQWi 

Manganese dioxide is a widely used cathode material for alkaline 
primary batteries. Its rechargeability in alkaline solutions makes this 
material also attractive for rechargeable battery systems. • Electrolytic 
manganese dioxide exhibits a limited rechargeability as disclosed by K. 
Kordeach et al, in Electochim. Acta, 26, 1495 (1981) corresponding to 
the depth of discharge and this fact decreases the available capacity 
in practise. 

The optimization of the cathode structure has long been the 
objective of various development activity. U.S. patent 4,364,029 
issued to K. Kordesch et al deals with the properties of the 
manganese dioxide cathode material and with the composition, of the 
cathode mix. The cathode' structure is made of a mixture of 
electrolytic manganese dioxide powder as active material and graphite 
powder or colloidal graphite, and the mix is kept together either by a 
binding agent and/or by the application of pressure. The graphite 
has the task of improving conductivity. The addition of further 
materials like polymers or co-polymers of styrene, butadiene, 
acrylonitrile, urea, formaldehyde, vinyl alcohol, or epoxy resins was 
suggested. These materials called generally as "additives" had the 
' purpose of improving the structure and of decreasing the swelling of 
the cathode material during cycling. A requirement generally imposed 
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to aU ch additive was that they had to be wettable by the ***** 
^^^fcnce had shown that despite the presence of these addles in 
the cathode the ceU voltage after a number of cycles decreased: 

* U.S. patent 4,929,S20 issued to K. Kordesch et al the use of 
conducting washers was suggested between contacting blocks of the 
cathode body, wbereby the internal resistance of the cell was 
decreased to a significant extent. 

* further- concern connected with the design of the cathode 
sk£wban is the problem of hetaerolite formation which 

active manguneae dioxide mass during the cycle life of the celL This 
phenomenon has been discussed widely in the literature, 
approach can be found in the paper of E. Premier: Voltage 
Measurements on- Alkaline Pri^y Cells During Discharge and 
L»very (Progress in Bati*r*s * Solar CeHs. VoL £, 1990, »«J* 
Meeting PP 21-34). During the discharge the rincate concentrabnn 
mcreaees in the electrolyte by dissolution of the zinc electrode an* 
*ncate migrate to the cathode. The sine Ions penetrate to 
wne of the cathode and react with the reduced manganese oxide to 
form hetaerolibe. During cycling the presence of hetaerolites has the 
following effects: 

- it cannot participate any more in the cycling process, Le- the 
amount of the active cathode mass is reduced (up to about 30% 
of all active material), whereby the cell capacity decreases; 

„ ,t « P ands mechanically and this tends to destroy the cathode 

structure* • 
To overcome the expansion tendency, means like perforated solid 
cages or increased amount of binding agents were used which 

further reduced the available space for active material and decreased 

conductivity. 

The drawbacks of hetaerolite formation are not limited to 
rechargeable cells, simuar drawbacks appear in primary cells, when 
they are discharged in intermittent time intervals. 

tt is the primary objective of the present invention to provide 
appropriate additive materials by which the above drawbacks can at 
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least partially be eliminated. 

A further objective of the invention is the use of additive 
materials which lessen the cell voltage reduction during cycling of 
. rechargeable alkaline manganese dioxide-zinc cells. 

It has been found according to the present invention that the 
use c£ specified barium compounds as additive materials Le* barium 
oxide, barium hydroxide or barium sulphate can well satisfy all the 
above objectives if added to the solid components of the cathode in 
an amount of at least 3% mass or preferably 5% to 25% mass. 

In a preferable embodiment barium hydroxide is used as 
additive that includes 8 moles of water of crystallisation. 

In the alkaline manganese dioxide-zinc cell, in the presence of 
potassium hydroxide electrolyte barium oxide tends to form barium 
hydroxide with the electrolyte. 

The use of barium sulphate as additive material in about the 
" ' same concentration as barium oxide or hydroxide provides similar 
advantages in cell performance / however, this choice is preferred, 
since barium sulphate is environmentally indifferent and commercially 
available at reasonable costs* 

Measurements with these suggested additive materials have 
shown that the- cell voltage during cycling, under any predetermined 
load, changes substantially less than that of cells without the 
additives. 

The presence of barium compounds in the close vicinity of the 
active cathode material may reduce the access of zinc ions to the 
manganese dioxide, therefore, hetaerolite formation is substantially 
slowed down. 

The suggested additive materials are all wettable by the 
electrolyte and their particle size is very small. This circumstance 
increases the utilization of the available manganese dioxide mass and 
reduces the internal cell resistance of cycled cells. These additive 
materials can be regarded therefore as efficient pore modifiers* 

The beneficial effects of the presence of the suggested barium 
compounds as additive materials will be more apparent in view of test 
data collected from different kinds of alkaline manganese dioxide cells. 
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to the following samples the test wd control cells have identical 
derfan and structure with the only different that control cells do not 
contain any barium compound as additive. 

It vm be apparent from the examples that the cell capacity per 
cycle and the cumulative capacity both increase rapidly when the 
amount of the additive material is about 3% of total 
performance does not improve further if the amount of the additive 
HeeLs about 25% 'of total mass since in case of larger additive 
quantities the effect of decrease of the active mass becomes more 
dominant* 

The invention uill now be described in connection with 
preferable embodiments thereof, whereto reference will be made to. the 
accompanying drawings, m the drawing: 

Figure 1 shows a cross section of an al*ali*e manganese 

diojride-rinc rechargeable cell; 

Figures 2 and 3 show the discharge capacities and cumulative 
capacflies of cells with cathodes comprising 0%, 10% and 15% of total 

mass barium sulphate; 

Figures 4 and 5 are similar to Figures 2 and 3, they show 
discharge capacity and. cumulative capacity curves for cells with 0%, 
10% and 15% of total mass barium hydroxide with 9 molecular water; 

Figures 6 and 7 show similar discharge capacity -and cumulative 
capacity curves for cells with-0%, 10% and 15% of total mass barium 

oxide; * 
Figure 8 shows the cumulative capacity curves of tested and 

standard AA cells as a function of cycle number; and 

Figures 9 and 10 show cell capacity versus cycle number 
curves for test and standard AA" cells. 

TMH ITr TITTT T fT THTf TOFT™™ FHBOPIHgWTg-- 

Figure 1 shows the cross-sectional elevation view of an alkaline 
manganese dioxide rinc rechargeable cell 10. The cell comprises the 
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following main units: a steel can 12 defining a cylindrical inner 
space, a manganese dioxide cathode 14 formed by a plurality of hollow 
cylindrical pellets 16 pressed in the can, a zinc anode 18 made of an 
anode gel and arranged in the hollow interior of the cathode 14, and 
a cylindrical separator 20 separating the anode 18 from the cathode 
14. * The ionic conductivity between the anode and the cathode is 
provided by the presence of potassium hydroxide electrolyte added 
into the cell in" a predetermined quantity. 

The can" 12 is closed at the bottom and it has a central circular 
tip 22 serving as positive terminal-- The upper end of the can 12 is 
hermetically sealed by a cell closure assembly which comprises a 
negative cap 24 formed from a thin metal sheet, a current collector 
nail 26 attached to the negative cap 24 and penetrating deeply in the 
anode .gel to provide electrical contact with the anode, and a plastic 
top 28 providing a sealing gasket between the negative cap 24 and 
the can 12, electrically insulating the negative cap 24 from the can 12 
and separating gas spaces formed beyond the cathode and anode 
structures, respectively* For understanding the present invention 
there is no need for a more detailed structural description of the cell- 
To demonstrate the effectivity of the present invention the 
impact of different barium compounds on the cell performance was 
tested* 

# The first test series was carried out with n C" type cells 
referred also to as LR-14 cells (IEEE standard designation). The 
cathodes 14 were formed from a mixture of manganese dioxide and 
graphite powder pressed to form the pellets 16 and the anode 
consisted of a tine gel mixture. The measurements were carried out 
on respective test and standard cells which differed only in the 
composition of the cathode mixture. The cathodes of the test cells 
comprised the below specified barium compounds which replaced 
corresponding masses of manganese dioxide. 

The test and standard cells were charged and discharged 
periodically by means ' of a computer controlled testing arrangement 
which provided for the accurate reading and storage of test data 
(corresponding data for the cell voltage, time and charge/discharge 
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currents) 201 the cells were subjected to a testing program for 
about 40 days which included repetitive periods of charging with a 
constant 1.72 volt taper charger during 20 hours and of discharging 
with a 3.9 ohm W until the cell voltage dropped to 0.9 V. The 
current and voltage data were recorded every minute and the 
charge/discharge capacity was calculated automatically from the 

recorded data. -* ^ 

The product of the average discharge current and the 

tfscharfle time to each cycle corresponds to the cell capacity for the 

cycle concerned. The cumulative capacity after a given cycle number 

is the sum of the capacities in all previous cycles. 

Table 1 summarises the cumulative capacity values for the 

standard and tested cell after 20 and 40 cycles. 

Table 1 

Cumulative capacities of LR 14 cells 



compound 


(%)* 


after 


increase 


. after 
40 ^ cles 


increase 
(%) vs. 
standard 


BaO 


10 


49.3 


50.3 


81.2 


55.0 


Ba(0H) 7 SH , 2 0 


IS 


52.0 


58.5 


86.3 


5 64.7 


BaS0 4 


15 


51.2 


56.0 


80.9 


54.4 


Standard 




32.8 




52.4 





* percentage quantity of dry powder mix 

Figures 2 and 3 show the discharge capacities and cumulative 
capacities of cells with cathodes that have 0%, 10% and 15% mass 
barium sulphate in the dry powder mix. The 0% curves show the 
performance of a. standard cell- 
Figures 4 and- 5 are similar to Figures 2 and 3, they show 
discharge capacity and cumulative capacity curves for ceils with 0%, 
10% and 15% of total mass barium hydroxide with 8 moles crystal 
water Figures 6 and- 7 show similar discharge capacity and 
cumulative capacity curves for further cells with 0%, 10% and 15% of 
total mass barium oxide. Here the barium oxide forms barium 
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hydroxide with the water In the electrolyte. 

This test series has demonstrated that in case of H C" size cells 
a quantity of 10% to 15% of total mass barium compound leads to 
substantial increase in eumulatlve^capadty. 

A further test series with a slightly different design of LR 14 
"C** type rf*"« was carried out, an which the dry mix of the cathode 
of the test cell comprised 7% mass barium sulphate and this 
constituted the only difference compared to the standard cell. The 
cumulative capacity results of this series are summarized in Tahle 2. 



Cumulative capacity of LR 14 cells with 7% BaSO^ 
versus standard cell 



cycle number 


standard cell 


test cell 
(Ah) 


increase 
(%) 


S 


14. e 


16.4 


11.2 


10 


23.6 


27.4 


15.9 


IS 


30.9 


36.2 


17.1 


20 - 


37.3 


44.1 


18.1 


. 25 


43.0 


51.3 


19.4 


30 


48.2 


58.4 


21.1 


35 


53.3 


65.1 


22.2 


40 


57.8 


71.0 


23,0 



A further test series was made with rechargeable alkaline 
manganese dioxide cells of A A size (LR 6 size according to IEEE 
standard) to establish the optimum amount of barium etlt addition and 
to demonstrate the cell behaviour under different load conditions. 

The test and standard cells differed in the cathode composition, 
in the test cell 5%, 10%- and 15% mass barium sulphate was added at 
the cost of manganese dioxide. The anodes comprises mercury free 
zinc anode gel. The preparation of the standard md test cells 
occurred the same day. 20 cells of each group were manufactured 
and respective 3 cells were tested with 4 and 10 ohm discharge load 
at room temperature. 30 cycles were performed uudir computer 
controlled cycling conditions (cut-off voltage 0.9 V, li '.lours charge 
to 1.72 V) and the average cumulative capacities were t;-dculated. 
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Table 3 contains the percentual changes In the. cumulative 
capacity values o£ teat cells relative to that of standard cells. 

Table 3 
LR 6 cells after 30 cycles 



BaS0 4 (%) 


load 4 ohm „ 
cum. capacity % 


load 10 ohm 
cum. capacity % 


p 


100 


100 


. 5 


115 


117 


10 


96 


125 


15 


90 


141 



Figure 8 ahows the cumulative capacity curves of the tested 
and the standard cells as a function of cycle number- The cells were 
loaded till a cut-off voltage of .9 V and charged with an 1-72 V 
charger through 15 hours. The ambient temperature was 22* C. 

In case of other type test cells with 5% mass barium "oxide in 
the cathode mist the cell capacity versus cycle number curves are 
shown in Figures 9 and 10* The test results with standard cells are 
also shown. 

It can be seen from -Table 3 and from Figures 8 to 10 both for 
LR 6 cells, t hgt the presence of the barium compounds in the cathode 
brings about a larger improvement at medium and lower loads (Le. if 
the load is 10 ohm than in case of high load represented by the 4 
ohm)* 

In case of LR6 (£A size) cells the optimum percentage of bailum 
* salt ifl lower frh*n in case of C size cells. 

A further improvement caused by the presence oi the barium 
sulphate and barium hydroxide lies in the increase of cycle life of the 
cell* For example conventional alkaline manganese dioxide LR 6 cells 
were tested on shallow cycling, and the standard cell gave on average 
300 cycles, while the cells of similar design but comprising the barium 
compounds in the cathode gave on average more than 600 cycles. 



P. 15/31 
PCIVCA92/00553 



APR 21 '95 03:27PM EBC PATENT DEPT 
WO 93/12551 



P. 16/31 



PCT/CA92/00S53 



9 

Prom the point of view of manufacturing costs and 
environmental protection the use of barium sulphate is preferred, 
tfhe barium sulphate is an inexpensive, commercially available pow.der, 
insoluble in water and is environmentally safe. 

While the main advantages of the present invention appear in 
connection with rechargeable cells, the use of the suggested barium 
compounds in primary cells is also justifiable, sinCe it reduces 
hetaer elite formation, thus increases the effective cell capacity. This 
increase becomes apparent mainly during intermittent use. 
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^ vtth proved, capacity, comprising a manaan,« dtoddo «**• 

m^d and P re««d to tor^ a poroia bod,, characterised » that said 
Js a barium » TO ound pre-aent to said body in an amount of 
at least 3% of total mass, said barium compound Is selected from a 
,„up conrisBnS of barium oride, barium hydroxide and barxum 
sulphate* 

2. The cathode structure as claimed in .claim 1, wherein said 

amount is between about 3% and 25% of total mass. 

3 The cathode structure as claimed in claim 1, wherein said 
^ditive is barium hydroxide that may include water cf crystallisation. 

4 The cathode structure as claimed in claim 3, wherein said 
fc^ium hydroxide comprises ei*ht molecules of water of crystalli^Uon. 

5 . The cathode structure as claimed in claim 1, wherein said 

barium compound is barium oxide- 

6 The cathode structure as claimed in claim 1, wherein said 

barium compound is barium oxide, at least a portion of «h*h forms 
barium hydroxide (BaOH) when mi*ed with an alkaline electrolyte. 

7 . ' The cathode structure as claimed in claim 1, wherein said 

barium compound is barium sulphate. 

" S. An alkaline manganese dioxide-zinc cell comprising a 

TOa nganese dioxide cathode, a zinc anode, a separator between said 
awde and cathode an electrolyte, wherein said cathode comprises as 
solid components manganese dioxide active material, a conductive 
powder and an additive material, said solid components are uniformly 
nixed and pressed to form - porous body filled with said electrolyte, 
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characterized in that said additive is a barium compound constituting 
at least 3% o£ total mass of said solid components and being selected 
from a group consisting of barium oxide, barium hydroxide and barium 
sulphate* 

9, trhe cell as claimed in claim 8, wherein said barium 
compound constitutes between about 3% and 25% of total mass o£ said 
solid components. 

10, The cell as claimed in claim 8, wherein said additive is - 
barium hydroxide that may include water of crystallization. 

12 # The cell structure as claimed in claim 10, wherein said 

- barium' hydroxide comprises eight molecules of water of crystallization. 

12, The cell structure as claimed in claim 8, wherein said 

barium compound is barium oxide. 

• 13, The cell structure as claimed in claim 8, wherein said 

barium compound is barium oxide, at least a portion of which forms 
barium hydroxide (BaOH) when mixed with said electrolyte. 

14. The cell as claimed in claim 8, wherein said barium 
"compound is barium oxide forming barium hydroxide with said 

electrolyte. 

15. . The cell as claimed in claim 8, wherein said barium 
compound is barium sulphate. 

16. The cell as claimed in claim 8, characterized by being a 
primary cell. 

17. The cell as claimed in claim 8, characterized by being a 
rechargeable cell. 
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IB. The cell as claimed in claim 8, characfcefcixed by having a 

cylindrical design. 
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Discharge capacity (Ah) 
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